Abstract
Introduction
Antifungal drugs have been shown to have cytotoxic effect on human breast cancer cells (11, 13) . However, the mechanisms are unclear. Miconazole is one of the antifungal drugs that show aromatase activity in human breast cancer tissue preparations. Aromatase activity in breast cancer tissue was significantly suppressed by an addition of 1 µM miconazole (26) . The change of androgen and estrogen levels was also examined in peripheral blood after administering miconazole (200 mg) intravenously to four patients both with breast cancer and two with systemic fungal infection (29) . Serum androstenedione and testosterone levels fluctuated only little. However, serum estrone and estradiol levels tended to decrease after administration of miconazole (29) . These results suggest that miconazole may be useful in the treatment of breast cancer. Previous studies showed that treatment of advanced breast cancer with miconazole was effective in inhibiting the progression of breast cancer (16) . Furthermore, in vivo and in vitro application of miconazole suppressed estrogen biosynthesis in human breast cancer (29) . Thus miconazole appears to be a potential drug for inhibiting breast cancer; however, the underlying mechanisms need to be established.
Ca 2+ ions have a key role in different biological responses (1) . A rise in cytosolic free Ca 2+ concentrations ([Ca 2+ ] i ) can induce many pathophysiological cellular events (2) . Inositol 1,4,5-trisphosphate (IP 3 ), derived from activation of phospholipase C (PLC), is a predominant messenger for releasing store Ca 2+ from the endoplasmic reticulum (3) . Mobilization of store Ca 2+ may activate Ca 2+ influx across the plasma membrane via store operated Ca 2+ entry (19) . However, an uncontrolled [Ca 2+ ] i rise may alter ion movement, dysfunction of enzymes, apoptosis, and proliferation, etc. (9) .
The human breast cancer cell line used in the present study is ZR-75-1. This cell is a good model for breast cancer research. Several chemicals have been shown to increase [Ca 2+ ] i and decrease cell viability in this cell, including estrogens (5) and tamoxifen (6 
Materials and Methods

Chemicals
The chemicals for cell culture were from Gibco ® (Gaithersburg, MD, USA). The other reagents were from Sigma-Aldrich ® (St. Louis, MO, USA) unless otherwise indicated. The concentrations chosen for nifedipine, econazole, SKF96365, phorbol 12-myristate 13 acetate (PMA), GF109203X, thapsigargin (TG), 2,5-di-tertbutylhydroquinone (BHQ), U73122, and ATP were based on literature and were effective in interacting with the targets of these chemicals.
Cell Culture
ZR-75-1 human breast cancer cells purchased from Bioresource Collection and Research Center (Taiwan) were cultured in RPMI-1640 medium supplemented with 10% heat-inactivated fetal bovine serum, 100 U/ml penicillin and 100 µg/ml streptomycin. (5, 6) . Confluent cells grown on 6 cm dishes were trypsinized and suspended in culture medium at a concentration of 10 6 cells/ml. Cell viability was assessed by trypan blue exclusion (adding 0.2% trypan blue to 0.1 ml cell suspension.) The viability was greater than 95% after the treatment. Cells were subsequently incubated with 2 µM fura-2/AM for 30 min at 25°C in the same medium. After loading, cells were washed with Ca 2+ -containing medium twice and was suspended in Ca 2+ -containing medium at a concentration of 10 7 cells/ml. Fura-2 fluorescence measurements were conducted in a water-jacketed cuvette (25°C) with continuous stirring; the cuvette contained 1 ml of medium and 0.5 million cells. Fluorescence was recorded with a Shimadzu RF-5301PC spectrofluorophotometer immediately after 0.1 ml cell suspension was added to 0.9 ml Ca 2+ -containing or Ca 2+ -free medium, by recording excitation signals at 340 nm and 380 nm and emission signal at 510 nm at 1-sec intervals. During the recording, reagents were added to the cuvette by pausing the recording for 2 sec to open and close the cuvette-containing chamber. To calibrate [Ca 2+ ] i , after completion of the experiments, the detergent Triton X-100 (0.1%) and CaCl 2 (5 mM) were added to the cuvette to obtain the maximal fura-2 fluorescence. The Ca 2+ chelator EGTA (10 mM) was subsequently added to chelate Ca 2+ in the cuvette to obtain the minimal fura-2 fluorescence. Control experiments showed that cells incubated in a cuvette had a viability of 95% after 20 min of fluorescence measurements. [Ca 2+ ] i was calculated as previously described (12) . Mn 2+ quenching of fura-2 fluorescence was performed in Ca 2+ -containing medium containing 50 µM MnCl 2 . MnCl 2 was added to cell suspension in the cuvette 30 sec before the fluorescence recoding was started. Data were recorded at excitation signal at 360 nm (Ca 2+ -insensitive) and emission signal at 510 nm at 1-sec intervals as described previously (18) .
Solutions Used in [Ca
Cell Viability Assays
The measurement of cell viability was based on the ability of cells to cleave tetrazolium salts by dehy- 
Statistics
Data are reported as mean ± SEM of three separate experiments. Data were analyzed by one-way analysis of variances (ANOVA) using the Statistical Analysis System (SAS ® , SAS Institute Inc., Cary, NC, USA). Multiple comparisons between group means were performed by post-hoc analysis using the Tukey's HSD (honestly significantly difference) procedure. A P-value less than 0.05 was considered significant. ] i Rises GF109203X (2 µM; a protein kinase C (PKC) inhibitor), phorbol 12-myristate 13 acetate PMA (1 nM; a protein kinase C, PKC activator), econzaole (0.5 µM), nifedipine (1 µM), or SKF96365 (5 µM) was applied 1 min before miconazole (20 µM), in Ca 2+ -containing medium. All these compounds failed to alter miconazole-induced Ca 2+ signal except GF109203X and nifedipine which both inhibited the signal by approximately 20% (P < 0.05) (Fig. 3) .
Results
Effect of Miconazole on [
Source of Miconazole-Induced Ca 2+ Release
In most cell types including ZR-75-1 cells, the endoplasmic reticulum has been shown to be the main Ca 2+ store (9) . Thus the role of endoplasmic reticulum in miconazole-evoked Ca 2+ release in ZR-75-1 cells was explored. The experiments were conducted in Ca 2+ -free medium to exclude the involvement of Ca 2+ influx. ] i rises. In modulator-treated group, the modulator was added 1 min before miconazole (20 µM). The concentration was 2 µM for GF109203X, 10 nM for phorbol 12-myristate 13-acetate (PMA), 0.5 µM for econazole, 1 µM for nifedipine, and 5 µM for SKF96365. Data are expressed as the percentage of control (1 st column) that is the area under the curve (25- Fig. 4D show that TG alone induced [Ca 2+ ] i rises of 51 ± 2 nM. Miconazole added at 500 sec induced [Ca 2+ ] i rises of 10 ± 2 nM which were smaller than control miconazole response (45 ± 1 nM) (Fig. 4C) 
Effect of Miconazole on Cell Viability
Cells were treated with 0-50 µM miconazole for 24 h, and the tetrazolium assay was performed. In 
the presence of miconazole, cell viability decreased in a concentration-dependent manner (Fig. 6 ). The next question was whether the micronazole-induced cytotoxicity was related to preceding [Ca 2+ ] i rises. The intracellular Ca 2+ chelator BAPTA/AM (5 µM) (27) was used to prevent [Ca 2+ ] i rises during miconazole pretreatment. Fig. 6 shows that 5 µM BAPTA/ AM treament did not alter control cell viability. In the presence of micronazole, BAPTA/AM treatment failed to reverse miconazole-induced cell death and even enhanced 30-40 µM miconazole-induced cell death by 28% and 30%, respectively.
Discussion
This is the first demonstration that miconazole induced [ and SKF96365, two compounds that are used commonly to inhibit store-operated Ca 2+ entry (14, 15, 20, 23 inflow-dependent PKC activity was involved in the modulation of transmitter release in the neuromuscular junction of the adult rat (22) . Furthermore, PKC phosphorylation of the metabotropic glutamate receptor mGluR5 on Serine 839 regulated Ca 2+ oscillations (17) .
Regarding the Ca 2+ stores involved in miconazoleevoked Ca 2+ release, the BHQ/TG-sensitive endoplasmic reticulum store seemed to be the dominant one. The data further show that the Ca 2+ release was via a PLC-dependent mechanism, given the release was abolished when PLC activity was inhibited. In terms of PLC involved in miconazole-induced Ca 2+ release, U73122 did not inhibit miconazole-induced Ca 2+ release in MG63 human osteosacroma cells (4), but abolished it in ZR-75-1 cells. PLC triggers hydrolysis of phosphatidylinositol 4,5-bisphosphate to inositol 1,4,5-trisphosphate and diacylglycerol (DAG). The increased DAG concentration leads to the activation of PKC while IP 3 binds to the IP 3 receptor (IP 3 R), an intracellular Ca 2+ -release channel located in the endoplasmic reticulum, thereby inducing Ca 2+ release from internal stores. Since U73122 inhibited PLC in ZR-75-1 cells, it is suggested that miconazole-induced Ca 2+ release is via a PLC-dependent pathway in this cell, but not in MG63 Cells. Therefore, the effect of miconazole on PLC pathway appears to vary between these two cells.
This study shows that miconazole between 30-50 µM was cytotoxic to ZR-75-1 cells in a concentrationdependent manner. Ca 2+ overloading is known to initiate processes leading to cell death (9 ] i can interfere with many cellular processes, caution should be exercised in using low concentrations of miconazole for other in vitro research, and it should be noted that miconazole at µM ranges may be cytotoxic to cells.
